The article discusses the environmental impact of the tillage processes of potato production. The analysis was performed using a simplified LCA ( Life Cycle Assessment) software. Depending on the purpose and the level of detail of the process analysis, the LCA technique of environmental management may require computer assistance. Even then, carrying it out is very complex, long and costly. The aim of the study was to explore the possibility of the use of open source software for a simplified life-cycle analysis of potato with LCA method. There was selected OpenLCA -GreenDelta TC GmbH, v.1.3.1 software. The diagrams of unit process streams and energy inputs incurred on the individual processes of cultivation were designed based on literature. There were compared environmental hazards of the two systems of potato cultivation: with using the plough and the simplified one in terms of atmospheric pollution with chemicals emitted by the engines of agricultural tractors in the course of the subsequent agricultural procedures. The study results confirmed the suitability of the software for the initial evaluation (screening) of environmental hazards using LCA method. The software is compatible with both the open source databases and commercial databases. Environmental impacts of cultivation technologies are presented in a form of a graphic illustration of pollution emissions. Also, the problems hindering the use of the software are indicated.
INTRODUCTION
Agriculture, both in terms of breeding and tillage, is a source of very significant environmental burden. It is estimated that in Europe, 29% of global greenhouse gas emissions come from the production and processing of food. Potato production, regardless of the cultivation system requires incurring significant expenditure of energy, which causes environment pollution [Jablonski K., 2006] .
Poland is a significant producer of potato, it has the world's fourth acreage -about 30000 ha and generates 8.4% of world production. At the same time the yields of most crops, located in the areas of significant fragmentation of agriculture, are among the lowest in Europe, and amounted Cultivation of potato is characterized by high energy consumption and capital intensity [Klikocka 2006 , Khoshnevisan et al. 2013 ]. Cultivation technology depends on many, sometimes difficult-to-predict factors: the purpose of the product, area of cultivation, crop rotation, fertilization, intercropping, method of cultivating the soil, the seed, weather conditions and others. The main objective adopted currently in potato cultivation is getting stable and high-quality crop conforming to standards in its production at a constant reduction in the unit cost of cultivation [Jablonski 2009 , Nowacki 2012 In Poland, the most common system of potato cultivation is a low cost conventional system. It covers about 30% of the total acreage of potato cultivation, mainly small surface plantations and therefore found in a large number of farms. Specific features of this system include the low rate of using certified plants, low fertilization, but compensated by widespread use of manure, simplified mechanical care, narrow inter-rows (50 or 62.5 cm), occasional protection of plants against fungal diseases (0-2 treatments during the growing season) and a low level of mechanization of cultivation. The consequences of the use of this system are low and unstable yields, a high share of crop waste and generally low profitability of production.
The integrated production (IP) of potato is the most balanced and closest to the currently used system of cultivation in medium-sized farms in the country. It is characterized by moderate levels of fertilization supplemented with the use of natural fertilizers, the use of crop rotation and moderate pest control determined by the thresholds of economic harm due to potato agrophages. The basis for the use of IP is the proper selection of varieties for the conditions of the natural environment, which in turn generates a fairly good profitability Cultivation of potato in the ecological management system is extremely difficult and that is why organic farms avoid the cultivation of this species. The main barriers include the difficulty in protecting plantations against Colorado potato beetle and potato blight, inefficient mechanical weed control of plantations and low and often flawed in terms of market standards tuber yields. Cultivation of potato considered difficult and labor-intensive is displaced from organic farms by other agricultural species [Nowacki 2012 , Stachowicz 2011 .
Research on the possibility of simplifying the process of growing and processing of potatoes without a significant reduction in yields and product quality has long been conducted [Jabłoński K.2006 [Jabłoński K. , 2009 . The motivation to undertake such research is economic and energy aspects, i.e. reducing consumption of energy used for production, thereby reducing costs. In contrast, research on environmental aspects of agricultural crops is underrepresented [Tasca et al. 2016 ]. The technique of Life Cycle Assessment (LCA) is mainly used to compare the environmental impacts of competitive production technologies and industrial products [Stavropoulos et al. 2016] . The complexity of the assessment processes requires the use of computer assistance. Renowned IT companies offer programs with a high degree of versatility, which translates into a very high cost and laboriousness of environmental analyzes. They cause the discouragement of policy makers to include such analyzes in cycle of pre-production, especially in the small and medium-sized enterprises. In many situations, especially when in the preparation of production the time is an important factor, there is no need for a very detailed analysis of the environmental impacts. There is a need for simplified, low-cost and fast methods of computer support. Such tools are offered by various academic and social institutions as free "open source" systems. The following are examples of tools for preliminary analysis of environmental impacts of the evaluated products. 
GOAL AND SCOPE
The aim of this work was to study the use of Open LCA-GreenDelta TC GmbH, v. When assessing the environmental risks, the results of the yield of potatoes were not taken into account due to minor differences in the two cases [Jabłoński 2006 , Sachajko 2010 .
The environmental hazards were compared in terms of atmospheric pollution with chemicals emitted by the engines of agricultural tractors in the course of the subsequent unit cultivation processes and harvesting of potatoes.
The input data of the OpenLCA program was the fuel consumption of agricultural tractor UR-SUS C360 3P -diesel fuel estimated for each tillage process based on literature [Linden et al. 2014 , Merkisz et al. 2013 .
Determination of the quantities of exhaust emissions, as well as their chemical composition of the agricultural tractor working on a field for significant amount of time in the transient state, using engine power based on other difficult to determine numerical factors, is virtually impossible. There are attempts to modeling averaged fuel consumption of tractor engines for different processes of cultivation of various crops referenced to time, growing area, soil type and many other difficult to estimate factors [Linden et al. 2014] . Stand testing exhaust emissions of internal combustion engines in a cycle of movement of the vehicle in off-road conditions were carried out by Paconek et al. [2010] . At the initial stage there are investigations of emission tractors diesel engines under real operating conditions using mobile analyzers PEMS [Merkisz et al. 2013 ]. LCA technique involves four phases:
1. Purpose and scope. The study objective analysis of the LCA is to select the more favorable variant of the technology of potato cultivation with less impact on the environment. The scope of research includes determining the boundaries of research, assumptions and limitations.
2. A life cycle inventory includes data collection, the design of streams of unit processes specifying inputs and outputs, product system design . This phase is offset that which enters the system and what it leaves.
3. Life cycle impact assessment (LCIA). Assignment of data collection to specific environmental impacts: the choice of categories of influence, category indicators and characterization models, assigning LCI results -classification, the calculation of the indicator category. Optional is a grouping of results, weighing and analysis of data quality 4. Interpretation of results.
The technological processes of both compared systems are presented in Table 1 . Table 1 . Subsequent unit processes of the traditional and simplified systems including implements and effort needed [source: Sachajko 2010] .
DETERMINATION OF THE ENVIRONMENTAL IMPACT OF CULTIVATION OF THE POTATO IN THE LIFE CYCLE
The program OpenLCA before modelling requires data format EcoSpold or ILCD. As the method LCA was originally addressed to the ecological assessment of products and industrial technology, free databases tailored for use with the program consists mainly of such data. There are relatively few data on agricultural production. Therefore, the first assessment of the risks in the life cycle of potato from soil preparation to har-vesting and transport to storage using the database "Potato, whole plant, at field.xml" offered free of charge by OpenLCA.
Studied differences in results arising from the use of different methods of modelling LCA. Figure 1 shows. graphic interpretation magnitude of environmental impacts in the different categories of influence in the LCA "cultivation of potatoes."
RESULTS AND CONCLUSIONS
The results confirmed the suitability of the software for the initial screening of environmental impacts using LCA method. Using the program requires precise knowledge of the relationship between each unit process. The main problems occurring during data collection are the limitations in the availability of the databases (most of them are payable) and lack of information about their contents. There is no possibility to obtain the exact amount of the gases emitted by agricultural tractor at the time of conducting all appropriate operations. The problem in wide dissemination of the program in the country can be lack of translated user interface into Polish (there is a choice of English and some other languages user interface).
Environmental hazards of the both compared cultivation technologies are presented in the form of a graphic illustration of emissions. There are indicated unit processes having the greatest impact on air pollution and there are proposed alternatives to minimize the environmental burden.
